Abstract. Most of Inner Mongolia is covered with natural grassland and is highly sensitive to global climate change because of the physical geography, the highly variable climate, and the complicated socioeconomic conditions. The climate is generally wetter in the east becoming drier towards the west of the region. Using a Pressure-State-Response model to select climate-related assessment indicators, a vulnerability assessment to climate change framework of counties in Inner Mongolia was built, which included three layers and 17 indicators. Climate change vulnerability of eight counties in the steppe area of Inner Mongolia was assessed from 1980 to 2009. The results showed that in the past 30 years, climate change vulnerability of eight counties has decreased with the decrease more pronounced after 2000. The lowest value for vulnerability was in 2008. The vulnerability of the western region was higher than that of the eastern region. Counties with a desert ecological system had a higher vulnerability than counties with steppe. Under the background of exposure increasing and sensitivity slightly decreasing, a continuing significant improvement in adaptive capacity is the key reason for a reduction invulnerability of the Inner Mongolia steppe area to climate change. The volatility of the climate on an inter-annual scale can cause changes in vulnerability between years. With the development of the rural economy and increases in national investment in the environment, the vulnerability of the Inner Mongolian steppe has been significantly reduced, but, overall, the vulnerability remains high. Most of the counties are moderately vulnerable, some counties are seriously vulnerable, even extremely vulnerable, and strong measures need to be adopted to strengthen the ability to adapt to climate change.
Introduction
The study of climate change is important because of its impacts on human and natural systems (Milly et al. 2005; Yuan et al. 2013) . The United Nations Intergovernmental Panel on Climate Change (IPCC) forecast that future changes would include increases in temperature, increased temporal and spatial variation in precipitation, and more frequent climatic disasters (IPCC 2007; Qin and Luo 2008) . According to these forecasts, the average temperature may rise by 1.38C (1.1-1.48C) between 2010 and 2060 (Davis et al. 2010) . Forecast climate change in China has the same features as the global trends, but the change in the main indicators is slightly greater (Zhai and Zou 2005; Ding et al. 2012) . In the past 50 years, a rise in temperature has occurred in the north of China, where the rise in mean annual temperature in Inner Mongolia reached 0.88C 10 year -1 , that is, annual temperature has risen by more than 48C in the past 50 years (Qin et al. 2005) . Against the background of this rise in temperature, a variety of frequent extreme weather events and meteorological disasters have had far-reaching and significant impacts on the natural environment and the socioeconomic development of China . In 2006, high temperatures and drought events hit Sichuan and Chongqing provinces, 2800 million people were affected, and the direct economic loss reached 21.6 billion Yuan (Xiong 2013) . In 2008, southern China suffered freezing rain and heavy snow, which led to serious consequences. In the winter of 2009, northern China suffered extreme drought and in some areas, there was no precipitation during the whole of the winter (Chen 2012) . Then, in 2010, five provinces in southwestern China suffered critical water shortages, which had rarely happened before, and at the same time, northern China suffered severe low temperatures in the spring (Chen 2012) .
The natural rangelands in northern China extend over an area of 313 million ha, accounting for 79.7% of the total area of the natural rangelands in China. These rangelands are important in maintaining national and regional ecological security, promoting regional economic development and ensuring social stability (Wu et al. 2009 ). Over the last century, large changes have taken place in the temperate grassland ecosystems in northern China at different levels of social and biological organisation. These have brought about serious and adverse effects on the economic and social development of these steppe regions. These effects vary with the strength of the regional adaptive capacity to cope with climate change (Zhang et al. 2008) . Therefore, it is important to evaluate the vulnerability to climate change in the Northern China steppe and to explore ways to reduce it (Blaikie et al. 1994; Hou 2010; Mechler et al. 2010; Yuan et al. 2013) .
Historically, different indicators have been applied to evaluate vulnerability to climate change. Christensen et al. (2004) examined the vulnerability of grassland vegetation in Inner Mongolia to climate change and grazing using an ecosystem model. Using the Vulnerability-resilience Indicator Prototype (VRIP) model, Brenkert and Malone (2005) evaluated the vulnerability of India and Indian states to climate change. He et al. (2012) assessed the vulnerability of the areas of China that could be affected by freezing weather conditions from 2001 to 2020 and from 2001 to 2050 using seven indices. Pandey and Jha (2012) assessed the vulnerability to climate change to communities using a climate Vulnerability index taking rural Lower Himalaya in India as an example. Yuan et al. (2013) evaluated China's regional vulnerability to drought and proposed some policy recommendations to alleviate the impacts of drought under climate change. Kim and Chung (2013) used various multi-criteria decision-making (MCDM) methods to assess the vulnerability of a water-resource system in South Korea to climate change, which were performed at a provincial level. Polsky et al. (2007) built vulnerability assessments using a global-change model, facilitating the comparison of assessments with dissimilar measures. Sun et al. (2010) analysed the vulnerability to climate change of ecosystems in the Shiyang River Basin by building an assessment index system of 13 indicators. Liu and Lu (2008) built a numerical evaluation model of eco-environment vulnerability using spatial principal component analysis and Geographical Information System (GIS) technologies, and analysed the eco-environmental vulnerability in the Hulunbuir steppe. Hou et al. (2012) studied the vulnerability to drought in the eastern Qinghai Province using the Analytic Hierarchy Process (AHP) and a mathematic classification method, based on 20 indices of meteorology, agriculture and the economy in 22 counties and districts. Yu et al. (2008) developed a new quantitative approach to assess the vulnerability of terrestrial ecosystems based on an ecosystem process model with two aspects: vegetation changes and ecosystem function changes.
To estimate the vulnerability to climate change in the Inner Mongolia steppes, we adopted a Pressure-State-Response (P-S-R) model, which involved building an index system based on indicators which had obvious causality (Wang 2010) . From the perspective of system theory, the vulnerability to climate changes in steppes conforms to a P-S-R model, that is, external factors put pressure on the system, stimulate and change the status of the system, then produce positive or negative impacts, which illustrate the vulnerability or the adaptive capacity of the ecosystem. Specific processes can be as follows: economic development, as a driver, makes a demand on the natural resources of a grassland area and causes overgrazing, desertification and grassland degradation, thus producing stresses on economic development. In addition, economic developments also affect the sensitivity and adaptive capacity of the system. Therefore, we adopted a P-S-R model to devise a Vulnerability index to climate change in steppe areas.
Although vulnerability has been conceptualised in many different ways, the scientific use of this concept has its roots in the existence of natural hazards and reflects the interactions between humans and the environment (Füssel 2007; Polsky et al. 2007) . Basically, regional vulnerability to climate change was considered as a function of exposure, sensitivity and adaptive capacity (Brenkert and Malone 2005; IPCC 2007; Pandey and Jha 2012; Liu et al. 2013) . Therefore, there is a need to understand the relationships among these three elements and reduce regional vulnerability to climate change by altering those in which change is possible.
In this paper, based on the P-S-R model, an index of the vulnerability to climate change for China's northern steppes was built, which involves three layers (target, component and indicator) . Based on previous research, the building of the index system was guided by the following principles: scientific, representativeness, typicality, operability, general adaptability, independence and comparability.
(1) Scientific: the index system should be built based on science and encompasses the essential objectivity. The main purpose of this study was to develop an integrated index to evaluate the vulnerability to climate change of the Inner Mongolia steppe at a county scale and propose mitigation strategies for future climate change. The integrated index containing exposure, sensitivity and adaptive capacity was calculated using the AHP, which revealed the vulnerability to climate change. Finally, we discussed the available mitigation strategies for areas with different vulnerabilities to climate change.
Materials and methods

Study area
Inner Mongolia has a total area of 1 183 000 km 2 , accounting for 12.3% of China's land area (Fig. 1 ). It has a temperate continental monsoon climate with strong winds and large variations in temperature. Rainfall generally decreases and temperature increases from north-east to south-west (Shi et al. 1989) . The average annual precipitation declines from 450 mm in the eastern part to 50 mm in the western part (Niu 2001) . On the contrary, the annual average temperature increases, being À48C in the east part, and 88C in the west part. There is a gradation in the vegetation from zonal forest in the east, to meadow steppe, typical steppe, desert steppe and desert in the west.
The rangelands of Inner Mongolia, with a variety of grassland types, account for 22% of the total area of rangelands in northern China, comprising the main body of the temperate grassland in the country (Zhang et al. 2009 ). Eight counties in Inner Mongolia were selected as the area of the case study to assess the vulnerability to climate change. These counties were Zhenglan Banner (ZLQ), Xianghuang Banner (XHQ), Dong Ujimqin Banner (DWQ), Xilinhot (XLHT), Sonid Youqi (SYQ), Sonid Zuoqi (SZQ), Alxa Zuoqi (AZQ), Alxa Youqi (AYQ) (Fig. 1) . The first four counties are in the typical steppe zone, the last two in the desert region and the remaining two are in the desert steppes.
Building the index system
Components of vulnerability to climate change Vulnerability is defined as 'the degree that a natural or social system is vulnerable to suffer or does not have the ability to cope with the adverse effects of climate change (including climate variability and extreme weather events)' (IPCC 2001) . Vulnerability is a function of exposure, sensitivity and adaptive capacity (IPCC 2007; Polsky et al. 2007 ) and depends on the relationships among these three dimensions (Yuan et al. 2013 ), which can be described as follows (Pandey and Jha 2012): Vulnerability ¼ f ðExposure; Sensitivity; Adaptive capacityÞ:
The relationship among all three independent elements is not specified, and is governed by local circumstances. Vulnerability is a positive function of the system's exposure and sensitivity, and a negative function of the system's adaptive capacity (Ford and Smit 2004) .
According to this interpretation, the composition of county vulnerability to climate change is based on the regional vulnerability to drought (Yuan et al. 2013 ) and a vulnerability scoping diagram (Polsky et al. 2007) .
Selection of indicators and building the assessment system
We used the following approach for producing an integrated set of indicators. First, the authors collected 124 related indicators from the relevant literature. Second, 20 scientists discussed and developed a list of principles for vulnerability to climate change. Third, these scientists selected key indicators from the 124 suggested indicators. The scientists were from different fields including grassland science, water and soil conservation, ecology 
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The Rangeland Journaland environmental science. If more than 33% of the scientists believed an indicator to be unimportant, this indicator was eliminated. Thirty-five indicators were eliminated, for example heavy rain days, industrial input-output ratio, shelterbelt ratios, forest cover, and the proportion of water-saving irrigation. In addition, 48 indicators were eliminated because information on them was difficult to obtain, such as critical period of variability of precipitation, accumulated temperature change in the key growth period, non-agricultural water consumption rate, the degree of salinity, soil bulk density, species diversity index and the loss rate of industrial resources. A further 31 indicators, which were similar to one another, were eliminated, for example relating to precipitation and aboveground biomass. Finally, 17 key indicators for Inner Mongolia steppe vulnerability to climate change were identified (Table 1) . Exposure indicators Exposure is location-dependent and refers to the nature and extent of climate changes of variables such as temperature, precipitation, extreme weather events and sea level (Brenkert and Malone 2005) . The following five indicators were included: aridity, relative variability of precipitation, annual precipitation, accumulated temperature and number of disasters per year (including snowstorms, drought, sandstorms and biological hazards).
Sensitivity indicators Sensitivity refers to how systems might be affected by climate change (Brenkert and Malone 2005) . For example, how much might biomass, vegetation cover, or carrying capacity change? In this study, four aspects, vegetation, land use, production and population were taken into account using the following eight sensitivity indicators: water resources, land cover type, vegetation cover, aboveground biomass, proportion of shifting sandy land, the proportion of the population engaged in the agricultural sector, the Engel coefficient, and optimum carrying capacity (Table 1) . The Engel coefficient is the proportion spent on food of total consumer spending.
Adaptive capacity indicators Adaptive capacity refers to the capability of a society to adapt to climate changes so that welfare is maintained or any gain maximised and loss minimised (Brenkert and Malone 2005) . Three aspects were identified, namely industrial structure, per capita income and total financial investment. Correspondingly, the measurement indicators were the Gross Domestic Production per capita, the proportion of nonagricultural output value, net income per capita of herdsman and financial investment (Table 1) . (8C), daily precipitation (mm), annual precipitation (mm) and annual accumulated temperature (!08C), which were used to calculate precipitation variability (Q) and aridity (K). The equations used were as follows:
Data sources and calculations
where R i is actual precipitation in a period of the i year (mm) and R is the average precipitation in the same period of several years. Aridity (K) was calculated using the following equation (Meng et al. 2004; Sun et al. 2010) :
where r is the annual average precipitation and S !108C is annual accumulated temperature of more than 108C. Socioeconomic data -Socioeconomic data were from the Statistical Yearbook (Inner Mongolia Autonomous Region Bureau of Statistics 1980 Statistics -2010 for all counties between 1980 and 2009, such as Gross Domestic Product per capita, the proportion of non-agricultural output value, the net income per capita of herdsmen, financial investment, water resources, agriculture and animal husbandry, the proportion of the population, and the Engel coefficient. (Zhang et al. 2008) . The average aboveground biomass of every county was calculated and the proportion of shifting sandy land was obtained from the vegetation classification.
Vegetation cover (VFC) was estimated using the relationship between VFC and NDVI; the equation used was as follows (Xu et al. 2005) :
where, for the study area, NDVI min is the NDVI minimum value of bare land, NDVI max is the NDVI maximum value for vegetation and C is the maximum vegetation cover.
Aboveground biomass of vegetation (Y, g m -2 ) was estimated using the following equation (Zhang et al. 2008) :
Other data Number of disasters was obtained by analysing data and information from newspapers and the Meteorological Bureau. Vegetation types were from China's grassland types maps at 1 : 4 000 000. Optimum carrying capacity per ha (S) and per capita (S per ) were calculated from the following equations:
where A is available grassland area (ha), Y is grassland yield in period (kg ha -2 ), E is the proportion of grassland utilised (%), D is the number of grazing days, I is daily intake of one sheep unit (kg DM day -1 ) and P is human population of the county.
Weights of indicators
The AHP was used in this study to determine the weights of the indicators (Saaty 1980) . The AHP is a method of analysis that combines qualitative and quantitative factors to quantify the relative importance of each factor. The development of an evaluation matrix helps identify the weight and relative importance of every indicator. The weight of every indicator was obtained from 15 well known scientists in the field of grassland science, water and soil conservation, ecology and environmental science. The assessment matrix was constructed using the approach described in Table 2 .
First, a judgment matrix of A-B, B 1 -C, B 2 -C and B 3 -C was built based on Table 1 . The weight of every expert was used to build the judgment matrix and to calculate the weight of every indicator, then the average of the weight obtained from the 15 experts was used as the weight of each indicator.
The method of geometric means was used to calculate the judgment matrix (Deng et al. 2012) . First, the root values (W i ) and Eigenvectors (W i ) were calculated from the following equations:
where a ij is all elements in every row of matrix, n is the order of the judgment matrix. Eigenvectors (W i ) were the final weight vectors of the assessment matrix, that is, the weight of indicators in the criterion layer. The ratio of random consistency (CR) was also calculated to identify the consistency of the results of the analytic hierarchy process. If CR <0.1, the consistency of the results was acceptable, and the distribution of weighting vectors was acceptable.
where RI is the proportional coefficient, which is related with the order(n) of judgment matrix (Table 3) and CI is the coincidence indicator.
where B is the value of judgment matrix and l max is the maximum feature root in the judgment matrix. All assessment matrices in this study passed the consistency test, and the CR <0.1, which means that the consistency of the results was acceptable. Finally, the weights of the indicators were ranked and calculated, and the final weights of the 17 indicators were obtained (Table 4) . These indicators were normalised to restrict the range from 0 to 1. The former factor is slightly more important than the latter 5
The former factor is obviously more important than the latter 7
The former factor is strongly more important than the latter 9
The former factor is extremely more important than the latter 2, 4, 6, 8 Intermediate between 1, 3, 5, 7 and 9
The reciprocal of the above value
The degree of importance of the latter factor over the former 
Calculation of vulnerability index to climate change
There were no uniform evaluation criteria for the vulnerability assessment to climate change; each of the indicators was measured on a different scale, so the original data needed to be standardised through an index in order to improve the comparability of indicators and time segments. The measured values of the various indicators were transformed into a dimensionless standard value. The index was formed using the following approach for each component:
where B i is standard scores of each indicator, X i is the indicator value of a component for a county, and X max and X min are the maximum and minimum values of a component. After standardisation for all indicators, each component (Exposure, Sensitivity, and Adaptive capacity) was calculated as follows:
where A k is one of the components for the climate change vulnerability index (CCVI), B i are standard scores of each indicator, and m is the number of indicators in each component. Then, the CCVI was calculated as follows:
where CCVI is the climate change vulnerability index, A k is the score of each component, and W j is the weight of each component.
Statistical methods
Correlation analyses in this paper were completed using the software SPSS 10.0 (Huang et al. 2001) . Exposure indicators of the same area in different years were different, but from 1980 to 2009, there were no significant differences between years. Exposure indicators for XHQ, DWQ and XLHT counties showed a slight decrease over the years of the study whereas exposure indicators of the other counties showed a slight increase.
Results
Exposure indicator
The relationships between the values of each exposure indicator and the values of its five components were analysed (Table 5) , and showed that the number of disasters (P < 0.01) was the only component with a highly significant correlation.
Sensitivity indicator
The values of the sensitivity indicator of DWQ county showed a slight increase from 1980 to 2009 whereas the values for the other seven counties declined, in particular for counties AZQ and AYQ (Fig. 3) . The highest values were found in AZQ and AYQ counties, followed by counties SZQ and SYQ with DWQ having the lowest values. Values for the Sensitivity index were higher in the western part of the region than in the eastern part of the region.
Values for the Sensitivity index for the same vegetation types in adjacent counties were different, such as SYQ and SZQ counties, but the values for the Sensitivity index differed due to different values for the optimum carrying capacity. For the four counties of typical steppe, the differences in values of the Sensitivity index were due to the following indicators: water resources, the proportion of agricultural population and optimum carrying capacity.
The correlations between the values of the components of the Sensitivity index and the values of the Sensitivity index (Table 6) show that, for counties XHQ, DWQ, XLHT and SZQ, the Sensitivity index was highly significantly correlated with VFC and aboveground biomass (P < 0.01) for county ZLQ, and with aboveground biomass (P < 0.05). For county SYQ, there were significant correlations with the proportion of shifting sandy areas, the proportion of agricultural population and the Engel coefficient. For counties AZQ and AYQ, the Sensitivity index had highly significant correlations with the proportion of agricultural population, the Engel coefficient, and the optimal carrying capacity per capita.
Adaptive capacity indicator
The values of the adaptive capacity indicator in the eight counties showed a significant reduction (the smaller the value the greater the adaptive capacity) from 1980 to 2009, particularly over the past few years of the period. The significant increases in adaptive capacity (reductions in the indicators) mainly came from increases in financial investment, the growth of the Gross Domestic Product per capita, increases in net income per capita, and increases in the proportion of non-agricultural output value. XLHT had the lowest value of the adaptive capacity indicator (i.e. the highest capacity) (Fig. 4) . In 1980, the differences in the values for adaptive capacity of the eight counties were not great, but by 2009, the gap had significantly increased. The XLHT and AZQ counties had the largest decreases in the values of adaptive capacity indicator (i.e. the largest increases in adaptive capacity), which are the seats of government. 
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The relationship between the values of adaptive capacity indicator and the four component indicators (Table 7) show that adaptive capacity has highly significant correlation with Gross Domestic Product per capita, proportion of non-agricultural output value, net income per capita and financial investment.
Vulnerability
The vulnerability indicators to climate change of eight counties in Inner Mongolia decreased from 1980 to 2009 especially after the year 2000, with the lowest value in 2008 (Table 8 ). The vulnerability of the western part of the region was higher than in the eastern part. Counties with desert vegetation had the highest values for vulnerability, followed by counties with desert steppe vegetation; the lowest value was for counties with typical steppe. For counties with the same vegetation type, the vulnerability of neighbouring counties was similar.
Against the background of the Exposure index increasing and the Sensitivity index slightly decreasing, the continuing significant increase in adaptive capacity is the key reason for a reduction in vulnerability to climate change of the steppe area.
Classification of vulnerability
According to classification criteria of vulnerability (Table 9 ), vulnerability to climate change of the eight counties in Inner Mongolia from 1980 to 2009 was classified into five categories. The results in Table 8 show that three counties (DWQ, XLHT and ZLQ) belong to the moderate vulnerability category; two counties (SZQ and SYQ) belong to the serious vulnerability category; and a further two counties (AZQ and AYQ) belong to the extreme vulnerability category, which is located in the western part of the region. In addition, the classification of vulnerability of the county XHQ is between moderate and serious.
Analysis of the cause of vulnerability variations
Exposure, Sensitivity, and Adaptation indices were examined to analyse the causes of variations in vulnerability to climate change in eight different counties of the Inner Mongolia steppe. The results show that the trends in the exposure and sensitivity indices in the past 30 years fluctuated whereas the trend in adaptive capacity showed a decline. The relationships between vulnerability and 17 indicators (Table 10 ), showed that six indicators were significantly and positively related to vulnerability, and these were aboveground biomass, VFC, land cover types, proportion of shifting sandy land, water resources, and net income per capita of herdsmen.
Discussion
This study found that the counties in the western, more arid parts of Inner Mongolia are the most vulnerable to climate change. Similar results were found with more widespread studies where the more vulnerable regions to climate change were found in the north and west areas of China, and the most highly vulnerable ecosystems were found to be distributed in north-western China, Inner Mongolia, and some areas of northern and north-eastern China (Liu 1995; Zhao and Zhang 1998; Yu et al. 2008) . The vulnerable ecosystems were mainly scattered in transition ecozones and grassland-desert ecosystems in north-western China (Yu et al. 2008) . Sun et al. (2010) assessed the vulnerability to climate change of ecosystems in the Shiyang River Basin using the comprehensive index analysis. Ecosystems appear extremely vulnerable to climate change, where it is extremely arid, where the desert steppes are dominant and the adaptability to climate change is quite limited. Other studies, using quite different methodologies, also reached similar conclusions to this study. Wang et al. (2005) built a regional ecological Vulnerability index using remote-sensing images as the basic source of information. Tao and Zhao (2002) built an ecological Vulnerability index taking the Hexi Corridor in Gansu as an example. Some other regional studies have also shown that China's vulnerable ecological areas are mainly distributed in the western arid region, the Loess Plateau, and the Tibetan Plateau (Li et al. 2005) .
Assessment of vulnerability to climate change in the Inner Mongolian steppe area provides decision-making and scientific support to policy-making. In order to improve the adaptive capacity to climate change, and to avoid the adverse effect of climate change on the society, ecology and environment in this region, we need to combine ecological and environmental protection with a strategy for dealing with climate change, through adaptation and mitigation. Based on the main findings of the above assessment, the following suggestions are put forward. For areas of moderate vulnerability (counties DWQ, ZLQ and XLHT), ecological management and vegetation restoration should be used to reduce vulnerability, and financial investment increased to improve adaptive ability, thereby reducing the vulnerability. For county XHQ, between moderate and serious vulnerability, the following strategies should be adopted: increase financial investment, implement ecological compensation mechanisms, strictly control the number of livestock and implement ecological management projects, to improve the environment. For seriously vulnerable areas, such as counties SZQ and SYQ, ecological management should aim to control shifting sand movement and increase VFC. Financial investment should also be increased, and population transfer should be considered to reduce the pressure on grasslands. For extreme vulnerability areas, such as counties AZQ and AYQ, where the natural conditions are extremely harsh, ecological protection and development should be restricted, together with continued strengthening of national policy and funding support. There is also the need to construct lines of ecological defence to manage the source of dust storms. At the same time, industry structure to control the proportion of the population in agriculture should be considered.
Conclusion
In this paper, an assessment framework of vulnerability to climate change for the steppe area in northern China was built, which included three layers and 17 indices. A Vulnerability index was used to represent integrated vulnerability to climate change for the steppe area of northern China, taking eight counties of different grassland types in Inner Mongolia as examples. Integrated vulnerability over a 30-year time interval was calculated to identify and evaluate key issues and key areas of climate change vulnerability in the region. It was found:
(1) The Vulnerability index showed a decreasing trend over time.
Vulnerability before the year 2000 was higher than that after the year of 2000, with the lowest value appearing in 2008. (2) Overall, the Inner Mongolia steppe region is still a sensitive and vulnerable area to climate change. Among the eight counties, three counties showed moderate vulnerability, two counties showed serious vulnerability and two counties showed extreme vulnerability, with another one between moderate and serious vulnerability. The vulnerability of the western part of the region was higher than that of the eastern region. (3) Against the background of exposure increasing and sensitivity slightly decreasing, the continuing significant increase in adaptive capacity is the key reason for vulnerability to climate change decreasing in the steppe area. Specifically, the main elements impacting on vulnerability of the Inner Mongolia steppe include VFC, aboveground biomass, vegetation types, proportion of shifting sandy land, water resources, the net income per capita of herdsmen and financial investment. (4) The adaptive capacity of XLHT and AZQ counties was higher than that of the other counties.
